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doi:10.1016/j.joca.2011.11.017In this issue of the journal, we re-visit the relationship of body
weight with osteoarthritis (OA) in both the knee and hip joints.
Body weight deserves much attention and is important in OA
because it is a potentially modiﬁable risk factor for knee1 and hip
OA2. Furthermore, increases in overweight and obesity have been
seen worldwide over the past several decades3. Studies by Aaboe
et al. on weight loss in knee OA4, recently published, and Apold
et al on weight gain in hip OA5 provide valuable insight into the
relationship between weight change and OA.
The study by Aaboe et al. examined the effect of a weight loss
intervention on knee joint loading during walking in 157 obese
men and women with symptomatic radiographic or arthroscopic
knee OA enrolled in “The Inﬂuence of Weight Loss or Exercise on
Cartilage in Obese Knee OA Patients (The CAROT Trial).” The partic-
ipants completed an intensive 16-week dietaryweight loss program
consisting of either a low energy diet (810 kcal/day) or a very low
energy diet (415 kcal/day) of formula only for the initial 8 weeks
then a hypo-energetic diet (approximately 1200 kcal/day) of normal
food and meal replacements for the remaining 8 weeks. This diet
was accompanied by nutrition education and behavior therapy to
encourage adherence, with the goal of reducing initial body weight
by at least 10%. The authors showed that with a meanweight loss of
13.2%, knee joint loading decreased during walking; speciﬁcally,
effects were seen in peak compressive force, axial impulse, and
knee abductor moment. Given that obesity is largely believed to
cause knee OA through increased forces on the joint, these results
suggest that weight loss may alter the biomechanical forces on the
joint, thereby potentially preventing worsening of disease. While
very low energy diets are effective for rapid weight-loss, long term
maintenance of this weight-loss is likely no different than mainte-
nance of weight loss achieved through low energy diets with
conventional foods6, implying that the effects of weight loss on
biomechanics may diminish over time as weight is re-gained.
Interestingly, after weight loss, the mean self-selected gait
speed increased and knee pain decreased, both of which can
increase joint loads. In this study, the authors accounted for the
increased gait speed at follow-up and concluded that the relief of
pain did not affect changes in joint load. They speculated that thes Research Society International. Pudecreases in joint load from weight loss were stronger than any
potential increases in joint load related to relief of joint pain.
Whether relief of joint pain in knee OA is beneﬁcial or serves to
accelerate the OA process has long been debated7,8, most recently
in association with dramatic pain relief observed with biologic
agents targeting nerve growth factor9. These issues are critical
and demonstrate the complexity of relationships among joint
load, gait speed, pain, obesity, and knee OA. As such, it is critical
to pay attention to the interplay of such issues as we strive to
develop, and understand the mechanisms behind efﬁcacious inter-
ventions, both pharmacologic and non-pharmacologic, for OA. One
could speculate that our interventions by deﬁnition must be multi-
faceted, and those that only address part of the picture, i.e., pain,
but do not simultaneously address biomechanics and the need for
weight loss, will be doomed to failure over the long-term.
The observational study by Apold et al. examined weight change,
speciﬁcally weight gain, in relation to total hip replacement (THR)
for primary hip OA, a condition in which the relationship between
body weight and OA is not as clear as in knee OA. In this analysis,
265,725 men and women from the National Health Screening
Service (currently the Norwegian Institute of Public Health) were
examined for weight change between two screening time points
from 1963 to 1975 and later from 1974 to 1997. Data from these
individuals were then merged with data on THR for primary hip
OA from the Norwegian Arthroplasty Register between 1989
through 2006, giving an average follow-up time of 15 years. The
authors report that among men and women who were less than
20 years old at the initial screening, compared to those in the
lowest quartile for weight gain during the two measurement
time points, those in the highest quartile were more than twice
as likely to have a THR. The authors also show that this association
was weaker with older ages at the initial screening and concluded
that weight gain at a younger age may be particularly important in
inﬂuencing the need for a THR later in life.
Both of these studies illustrate how the study of weight change
is both important and challenging to study in OA. In the weight loss
intervention study by Aaboe et al., obese participants were able to
lose greater than 10% of their weight through an intensive weightblished by Elsevier Ltd. All rights reserved.
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feasible, in practice, individuals tend to re-gain some or all of the
weight lost through such interventions10,11. Beyond the weight
loss itself, this study reveals the potential effects of weight loss
upon knee biomechanics, pain, and gait speed. The results of this
study suggest that by reducing knee joint forces and pain, weight
loss of at least 10% may prevent or delay knee OA progression,
though this has not been demonstrated. The results also imply
that these changes in biomechanics are likely to be efﬁcacious
over the long-term, if at all, only for those who maintain a healthy
weight. Indeed, the Arthritis, Diet, and Activity Promotion Trial
(ADAPT), an 18-month intervention, failed to demonstrate an effect
of the reduction in knee joint forces on radiographic knee OA
progression despite showing that >5% weight loss (average of
10.2% in this group) compared to either <5% weight loss or no
weight loss/weight gain was associated with lower knee joint
compressive loads12. Here is where much more research needs to
be done to understand how to optimize such an outcome.
The relationship of body weight over time in relation to both
knee and hip OA is critical, especially given the high prevalence
of childhood obesity13,14. The weight gain study by Apold et al.
suggests that weight gain earlier in life may be associated with
increased risk of developing hip OA later in life, an observation
that portends increases in hip OA in the future. Also, if the mecha-
nism of weight on hip OA development is primarily through
a biomechanical pathway, then the quantity of weight and duration
for which it is carried can be important, neither of which has been
well studied nor is easy to describe. The work by Apold et al. has
several strengths, including examining a large cohort with repeated
height and weight measurements over a span of 40 years, yet
examining weight change over time is challenging for several
reasons.
Because weight is dynamic, weight change occurring during
a period of time prior to an outcome but with multiple years of
follow-up may not account for the changes in weight that might
occur after the weight measurements were recorded. For example,
in the study by Apold et al., weight change was assessed initially at
1963–1975 and then again at 1974–1997 and the participants were
followed from 1989 to 2006. However, it is unknown whether any
changes in weight were observed during the follow-up that may
have inﬂuenced hip arthroplasty. Therefore, studies examining
weight change over time, especially if the follow-up period is
long, may provide greater insight with additional measurements
of weight. Another issue in the methodology of studying weight
change over many years is differentiating between birth cohort
and period effects, where the relation of weight with an outcome
may comprise an effect of the year one was born as well as an effect
of the environment (technology, social norms, etc.) at the time of
study. For example, the increases in obesity in the US emerged in
the late 1970s and early 1980s15,16, with developing countries
showing increased prevalence in the decades following3, in the
setting of changes in diet and activity patterns. It is possible that
some of the effect observed by Apold et al. may be related to the
birth cohort and/or the changing environment in recent decades
in addition to age of weight gain. Indeed, in the US, a trend towards
increasing obesity in those born more recently has been
described17, though this has not been studied in relation to OA.
As OA onset occurs later in life, lengthy follow-up times are
common, but assessment of weight change from an early age may
be misleading if growth is still occurring. In this study, men in
the youngest group with a mean age of 17.8 years at the initial
screening would be expected to gain some height and weight
between the two screenings until they have completed growth.
Though the use of BMI rather than absolute weight change may
alleviate this problem, consideration of growth, and at the otherend of the age spectrum, changes in body composition with aging,
is needed when studying weight change. In addition to these study
design concerns, normal weight ﬂuctuation can provide statistical
challenges in regression analyses because repeated weight
measurements are subject to a phenomenon known as regression
to the mean18, which can create statistical artifact and therefore
misleading regression estimates. Despite these challenges, studies
that help tease out the effects of increasing obesity and obesity
earlier in life are needed.
Studying young people for conditions that occur later in life,
such as hip OA, adds another layer of complexity. Young people
may have other reasons for having a hip replacement, such as
a congenital disorder or having experienced other conditions
during childhood such as Legg-Calve-Perthes disease. Indeed, Apold
et al. reported that 197 women and 120 men aged 17–20 years at
the initial screening went on to have a THR during the follow-up.
The mean age at the end of follow-up for these women and men
was 54.7 and 54.6 years, respectively. THR for primary hip OA is
usually more common at older ages, suggesting that there may be
other unmeasured factors contributing to the need for a THR in
some of these individuals. Whether there is an interaction between
weight change and these pre-disposing THR factors is unknown.
These studies provide valuable insight into the relationship
between body weight and OA of the knee and hip and suggest
that the interplay between weight, biomechanics, and OA is intri-
cate and deserves our attention. Weight change appears to be
both a predisposing as well as a therapeutic factor. With increases
in obesity world-wide and the difﬁculty for individuals to achieve
and maintain a healthy weight, we must continue to explore and
understand these relationships to reduce the burden of OA.
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